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FIELD OF THE INVENTION 

The present invention relates to a Imninaire adapted to provide uniform color 
mixing of light originating from at least two lamps having different color properties. 

BACKGROUND OF THE INVENTION 

WO 02/16827 discloses a luminaire having a lamp housing accommodating 
lan^s of different color aspects. The lamps are surrounded by a reflector and a non- 
liansparenl, light-transmitting window. In the lamp housing, Ught of different color or color 
temperature is mixed. The window gives access to a reflector housing where further mixing 
is provided. A disadvantage of the luminaire disclosed in WO 02/1 6827 is that the color 
mixing is not completely uniform. Another disadvantage is that the color of the Ught leaving 
the luminaire can not be adjusted without affecting the unifonnity of flie color mixing. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a luminaire which provides a 
uniform color mixing. 

It is a further object of the invention to provide a luminaire in which the color 
of the light leaving the luminaire maybe adjusted without affecting the uniformity of the 
color mixing. 

According to a first aspect of the present invention the above and other objects 
are fulfilled by providing a luminaire comprising: 

electrical contacting means for accommodating at least two hmps, at least one 
of said lamps having first color properties, and at least one of said lamps having second color 
properties, said second color properties being different from said first color properties, 

an exit window adapted to aUow Ught to pass fiom the interior of flie li^ninaire 
to the exterior of the luminaire, 

a tianslucent element positioned between the lamps and the exit window, and 



PHNL040451EPS 

2 15.04.2004 
one or more reflectors configured to guide Ught ftom each of the lamps to the 
translucent element in such a way that equal ratio of partial iUuminance for each of the color 
properties is created at each position of the translucent element. 

According to a second aspect of the present invention the above and other 
objects are ftilfiUed by providing an array of luminaires, wherein at least one of the 
luminaires in the array is a luminaire according to the first aspect of the invention. 

Due to the feet that the reflectors are configured to guide Ught from each of the 
lamps to the translucent element in such a way that equal ratio of partial iUuminance for each 
of the color properties is created at each position of the translucent element, a very uniform 
color mixing is obtained. Furthermore, this feature also has the effect that tiie color 
appearance of the Ught which leaves the luminaire can be easily changed, merely by 
changing the brightness of one or more of the lamps, since tins only affects flie ratio of tiie 

color properties, and not the uniformity. 

The reflector(s) should be shaped and positioned in such a way tiiat Ught 
having specific color properties is reflected away &om regions where Ught with tiiose color 
properties is Ukely to be overrepresented and towards regions where Ught witiifliose color 
properties is Ukely to be underrepresented, thereby ensuring a uniform color distribution. 

The first and/or tiie second color properties may, e.g., comprise color 
temperature and/or comprise primary colors. It may also conqmse brightoess and/or any 
otiier suitable properties, as long as the luminaire comprises at least two lamps witii different 
color properties, and tiie Ught from these at least two lamps needs to be mixed in order to 
create Ught from the luminaire with desired color properties. 

rrt. ^ ^«fl^>r.tr.rQ Tirftfetablv comorise at least one reflector 

X Lie viJL xAXKjjLxj x^j^Aww*-^ — X " * 

positioned in such a way feat at least one of the lamps is between said reflector and tiie 
translucent element If tiie luminaire is positioned on a ceiUng such a reflector is, thus, 
positioned above at least one of the lamps, i.e. it is a top reflector. Such reflectors ensure tiiat 
Ught emitted upwards from tiie lamps is reflected, directiy or indirectiy, towards tiie exit 
window. 

Alternatively or additionally, tiie one or more reflectors may comprise at least 
one reflector positioned in such a way tiiat it is adapted to reflect Ught emitted by at least one 
of tiie lamps in a direction substantially transversal to tiie direction between said lamp and tiie 
translucent element. Sudi a reflector is normally positioned next to one or more of tiie lamps, 
i.e. a side reflector. 
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Alternatively or additionally, the one ormore reflectors may comprise at least 
one shielding reflector positioned between at least one of the lamps and the translucent 
element. This is particularly useful in case there are regions of the translucent element where 
one or more lamps having specific color properties is/are much closer than the lamp(s) 
having oflier color properties. In this case it may be necessary to shield the closer Iamp(s) 
because the contribution from the closer lamp(s) in this region would otherwise be fer too 
large. 

The shielding reflector may be configured to partiaUy transmit light and 
partially reflect hght This may, e.g., be achieved by the shielding reflector having a non- 
straight edge in a longitudinal direction, e.g. a saw-tooth shape of the shielding reflector. 
Alternatively or additionally, it may be achieved by means of a coating providing the partial 
transmission and tiie partial reflection of the light and/or by means of the shielding reflector 
being provided with a perforation, said perforation providing flie partial transmission and flie 
partial reflection of the light. 

The shielding reflector mayprovide a ratio between partial transmission and 
partial reflection which varies across the reflector. This also contiibutes to tiie equal ratio of 
partial illuminance of the translucent element. 

The shielding reflector may have the geometry of a i^e, thereby bemg 
adapted to guide at least some light into a region between the shielding reflector and the 
translucent element Thereby it is ensured that no shadow effects are created by the shieldmg 
reflector. 

Preferably, tiie translucent element conqjrises a diffusor which may have 
Lambertian properties. The diffiisor may form an integral part of tiie exit window, i.e. the exit 
window itself may be diffiisive. Alternatively, the diflRisor may be a separate element 
25 positioned between at least one of tiie lamps and tiie exit window. 

Alternatively, flie ttanslucait element may comprise a transparent panel vwtii 
an optical sfaructure to direct light, such as lenses or prisms. 

The luminaire may fiirther be provided wifli one or more openings formed in a 
part of flie lummaire being positioned substantially opposite flie exit window. These openings 
may be used to direct Ught towards flie ceiUng to achieve also an indirect Ughting component 
In an advantageous embodiment flie qpening(s) has/have an elongated shape and is/are 
arranged wifli flie longitudmal dunension in a tiansversal direction of flie luminaire. Thus, 
fliey may be rectangular openmgs which are transversely arranged in a top reflector. By ' 
arranging flie openings transversely wifli respect to flie lamps flie reflector fimction for flie 
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iUuminance balance onto liie translucent element is maintained. Longitudinal openings would 
have the disadvantage to take avsray only some Hght source images while other images 
remain, Ihus introducing a non-balance of flae various color properties. 

The at least two lanq)S may be arranged substantiaUy in a plane which may be 
arranged substantiaUy parallel to aplane definedby the erit window or substantially 
perpendicular to such a plane. In the first case the lamps are arranged side by side, and in the 
other case the lamps are arranged above each other. 

Preferably, at least one of the lamps is a fluorescent lamp. However, one or 
more of the lamps may be any other suitable kmd of lamp, sudi as a U^t emitting diode. 

In a preferred embodiment the color of the hght emitted from the luminaire via 
the exit window is adjustable by means of adjusting the brightness of the individual lamps. 
As described above, this is actuaUy achieved by the special configuration of the reflectors. 

In one embodiment the maximum combined light flux originating fi»m aU 
lamps having first color properties is different from the maximum combined Ught flux 
originating from all lamps having second color properties. This may, e.g., be achieved by 
having one 'cool' lamp and two 'warm' lamps, or by havmg one high output -warm' lamp and 
one low output 'cool' lamp. This deUberate difference has the effect that the Ught leavmg the 
luminaire has desired color properties, and that these color properties can be adjusted to meet 

the demands and whishes of the user. 

These and other aspects of the invention wiU be apparent from and ehicidatsd 

vwth reference to tiie embodiments described hereinafter. 

The invention vdU now be described with reference to the accompanying 

25 drawings in which: 

Fig. 1 is a luminaire section of an embodiment comprising three lamps. 

Fig. 2 is a detaU of the luminaire of Fig. 1 iUustrating the creation of an equal 
ratio of partial iUuminance for the different colors on each position of a diffiisor. 

Fig. 3 shows a special saw-tooth reflector positioned below one of the lamps, 
3Q Fig. 4 is a luminaire of an embodiment comprising two lamps. 

Fig. 5 is a luminaire of an embodiment comprising six lamps. 

Fig. 6 is a detail of the luminaire of Fig. 5, and 

Fig. 7 is a detail bfthe lumiiiaire of Fig. 5 Ulustratingthe mutual positionmg of 

the lamps. 
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DESCRIPTION OF PREFERRED EMBODIMENTHS 

Fig. 1 shows a luminaire 1 accommodating two lamps 2 which generate cool 
light and one lamp 3 which generates warm Ught. The lamps 2, 3 are arranged side by side 
with the one generating warm Hght 3 being arranged between the two generating cool light 2. 
This configuration ensures lhat Aere is symmetry in color perception of the light leaving the 
luminaire. The luminaire 1 further comprises an exit window 4 which acts as a diffiisor. 
Furthermore, the luminaire 1 con^irises a t»p reflector 5 which reflects light emitted from the 
lamps 2, 3. The top reflector 5 has such a shape that the Ught is reflected onto the exit 
window 4 in such a way that equal ratio of partial iUuminance for each of the warm and cool 
colors is created at each position of the exit window 4. Thereby a very uniform color 
distribution is provided. The luminaire also comprises two shielding reflectors 6 positioned 
below the lamps 2 which generate cool Ught. The function of these shielding reflectors 6 will 
be further described below. 

Fig. 2 is a detail of the luminaire 1 of Fig. 1, iUustrating the creation of an 
equal ratio of partial iUuminance for the different colors on each position of the exit window 
4. As iUustrated, point P receives Ught directly from the warm lamp 3, Ught emitted from the 
warm lamp 3 and reflected by the top reflector 5, and Ught from the cool lamp 2 via the 
shielding reflector 6. The shielding reflector 6 is necessary in order to reduce the amount of 
Ught received from the cool lamp 2 at point P, because the cool lamp 2 is mudi closer to 
point P than the warm lamp 3. Furthermore, the reflection by the top reflector 5 ensures that 
additional Ught from the warm lamp 3 is directed towards point P in order to compensate for 
the further distance. Thus, by configuring the reflectors 5, 6 in an appropriate manner, it can 
be ensured that each point at the exit window 4 is iUuminated with an equal ratio of partial 
iUuminance for the different colors. Furthermore, because this is achieved by means of the 
reflector arrangement^ the color appearance can be changed by changing the brightness of 
one or more of the lan:^ 2, 3. 

Fig. 3 shows a shielding reflector 6 positioned below a lamp 2. The shielding 
reflector 6 has a special saw-tooth shape which reduces the iUuminance from the lamp 2 onto 
the exit window 4 since some of the Ugjit from the lamp 2 wiU be reflected and some of the 
U^t wiU be aUowed to pass, due to the shape of the shielding reflector 6. Thereby 
iUuminance balance with other colors is achieved, in particular at points where the 
iUuminance originating fiom the lamp 2 would otherwise be too high. 
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Fig. 4 shows a luminaire 1 according to another embodiment of the invention. 
The luminaire 1 according to this embodiment comprises one lamp 2 which generates cool 
Ught and one lamp 3 vMch generates wann Ught. The lamps 2, 3 are arranged with the cool 
lanq) 2 above flie warm lamp 3. In this embodiment, the luminaire 1 is provided with a 
5 sepaiatedi£fiisor7whichispositionedbetweenthelamps2.3 andtheexitwindow4.Dueto 

the feet that the cool lamp 2 is positioned above the warm lamp 3, the warm lamp 3 is 
considerably closer to the diflBisor 7, in particular the center part of flie diffiisor 7. 
Furthermore, the warm lamp 3 blocks tibe Ught ftom the cool lamp 2 in this region. Therefore, 
it is necessary to provide a shielding reflector 6 below the warm lan^ 3 in order to create an 

10 equal ratio of partial illuminance for the different colors in tiie center region of the diflBisor 7. 

Furthermore, the shielding reflector 6 is positioned with a distance to the 
diffiisor 7 by means of a distant holder 8 in order to aUow reflected light to enter the region 
between the shielding reflector 6 and the diffiisor 7. Thereby sufficient brightness is provided 
to the corresponding part of the diffusor 7. The shielding reflector 6 and the diffiisor 7 are 

15 shaped in such a way that they together form the geometry of a fyke. The shielding reflector 
6 is sufficiently reflective on both sides to achieve this. In order to provide sufficient 
brightness to the most central part of the diffiisor 7, the distant holder 8 is transparent, so that 

light is also admitted to this region. 

The diffixsor 7 is configured to partly transmit and partly reflect Ught as a 
20 white reflector. Thus, the diffiisor 7 actively helps in mixing the colors and in directing Ught 
to desired regions, e.g. the region between the shielding reflector 6 and the diffiisor 7. 

Figs. 5 and 6 show another embodiment of the present invention, in which two 
lan^s 9 emitting red Ught, two lamps 10 emitting green Ught and two lamps 1 1 emitting blue 
Ught are positioned side by side in a luminaire 1. Thus, in this embodiment the different color 
25 properties of the lamps 9, 10, 1 1 are the different primary colors. Fig. 6 is a detail of Fig. 5. 
The luminaire 1 furiher comprises an exit window 4 fimctioning as a diffiisor, and a top 
reflector 5. The green lamps 10 are positioned symmetrically in the luminaire 1 while the red 
lamps 9 and the blue lanq,s 11 are positioned asymmetrically. The red lamps 9 and the blue 
lamps 1 1 block the U^t from the green lanqis 1 0 emitted in their direction. Thereby the 
30 lamps 9, 1 1 actively help in achieving a unifbrm color distribution at the exit wmdow 4. 

However, the Ught ftom the red lamps 9 and the blue lamps 11, respectively, is only blocked 
by the green Ismps 9, and only in one direction. Thus, in order to ensure a unifomi color 
distribution, the luminaire 1 is provided with special side reflectors 12 which are shaped in 
such a way that the Ught emitted sideways from the red lamps 9 and flie blue lan^s 11 is not 
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oidy blocked, but also directed towards a region where this light is desired in order to provide 
a uniform color distribution at the exit window 4. The side reflectors 12 are preferably white 
in order to get less shadow effects on the exit window 4, and in order to spread the light 
reflected on the exit window 4. 

Fig. 7 is another detail of Fig. 5 illustrating the mutual position of the lamps 9, 
10, 1 1 in the luminaire 1. la order to obtain a uniform luminance level at the edge of the 
luminaire 1 (e.g. in order to allow several luminaires 1 to be placed next to each other), the 
green lamps 10 are positioned closer to the sides of the luminaire 1 than to the half dist^ce 
to the next green lamp 10. In order to forfher increase the uniformity at tiie exit window 4, 
forther reflectors may be positioned at or near the side reflectors 12 and/or the top reflector 5 
in order to further reflect the Ught from the red lamps 9 and/or the blue lamps 1 1, and/or to ' 
guide this Hght towards desired regions. The uniformity may be even forther increased by 
dmrinishing the transmittance of the exit window 4 to approximately 30%. Thereby more 
Ught is r^ected by the exit window 4, and this reflected light ahnost always reflects on 
another white surface before reaching the exit window 4 again, thereby achieving an 
improved spreading of the light So by decreasing the transmittance the amount of light that 
is not reflected by the exit window 4 is dimiuished and the amount of light that is reflected at 
least once (and has a uniform spread) is increased. In this way the luminance level that is 
observed is uniform for the human eye. 

Although the present invention has been described in connection wifli the 
preferred embodiments, it is not intended to be limited to the specific form set forth herein. 
Rather, the scope of the present invention is limited only by the accompanying claims. In the 
claims, the term comprising does not exclude the presence of other elements or steps. 
Additionally, although individual features may be included in different claims, these may 
possibly be advantageously combined, and the inclusion in different claims does not imply 
that a combination of features is not feasTTjle and'or advantageous. In addition, singular 
references do not exclude apluraJity. Thus, references to "a", "an", "first", "second" ete. do 
not preclude a plurality. Furthermore, reference signs in the claims shall not be constmed as 
limiting the scope. 
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CLAIMS: 



10 



1- A lumiriaire (1) comprising: 

electrical contacting means for accommodating at least two lamps (2, 3, 9, 10, 
11), at least one ofsaid lamps (2, 3, 9. 10, 1 D having first color properties, and at wle of 
said lamps (2, 3, 9, 10, H) having second colorproperties, said second color pn^erlies being 
different fixim said first color properties, 

an exit window (4) ad^ted to aUow Hght to pass from the interior of the 
luminaire (1) to the exterior of the luminaire (1), 

a translucent element (7) positioned between the lamps (2, 3, 9, 10, 1 1) and the 
exit window (4), and 

one or more reflectors (5, 6, 12) configured to guide light from each of the 
lamps (2, 3, 9, 10, 1 1) to the translucent element (7) in such a way that equal ratio of partial ^ 
illuminance for each of the color properties is (heated at each position of the translucent 
element (7). 

15 2. A luminaire (1) according to claim 1, wherein the first and/or the second color 

properties comprise color temperature. 

3. A luminaire (1) according to claim 1, wherein the first and/or the second color 
properties coraprise primary colors. 

20 

4. A luminaire (1) according to claim 1, wherein the one or more reflectors 
comprise at least one reflector (5) positioned in such a way that at least one of the lamps (2, 
3, 9, 10, 1 1) is between said reflector (5) and the translucent element (7). 

25 5. A luminaire (1) according to claim 1, wherein the one or more reflectors 

comprise at least one reflector (12) positioned in such a way that it is adapted to reflect li^t 
emitted by at least one of the lamps (2, 3, 9, 10, 1 1) in a direction substantially transversal to 
the direction between said lamp (2, 3, 9, 10, 1 1) and the translucent element (7). 
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6. A Ivuninaire (1) according to claim 1, wherein the one or more reflectors 

comprise at least one shielding reflector (6) positioned between at least one of the lamps (2. 
3, 9, 10, 1 1) and the translucent element (7). 

5 7. A luminaire(l) according to claim 6, wherein the shielding reflector (6) is 

configured to partially transmit Ught and partially reflect Ught. 

8. A himinaire (1) according to claim 7. v^iierein the shielding reflector (6) has a 
non-straight edge in a longitudinal direction. 

10 

9. A luminaire (1) according to claim 7, wherein the shielding reflector (6) has a 
coating providing the partial transmission and the partial reflection of the Ught 

10. A luminaire (1) according to claim 7, wherein the shielding reflector (6) is 

15 provided with a perforation, said perforation providing the partial transmission and Ihe partial 

reflection of the light 

11. A luminaire (1) according to claim 7, wharein Ihe shielding reflector (6) 
providesaratiobetweenpartial transmission and partial reflection, said ratio varying across 

20 tfaie reflector (6). 

12. A luminaire (1) according to claim 6, wherein the shielding reflector (6) has 

o _ ^.1-^ .^1 ^u,, u^;^^ c^Ac^t^ff^A to oiiide at least some light into a region 

the geometry or a jLyis^c, ixx^L^^y ^^^^ ^-^^ ^ 

between the shielding reflector (6) and the translucent element (7). 

25 

13. A luminaire (1) according to claim 1, wherein the translucent element 
cornprises a diffixsor (7). 

14. A luminaire (1) according to claim 13, wherein the diffusor (7) has Lambertian 
30 properties. 

15. A luminaire (1) according to claim 13. wherein the difEusor (7) forms an 
integral part of the exit window (4). 
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16. A luminaire (1) according to claim 1, wherein the tianslucent element 
comprises a transparent panel with an optical stracture to direct light 

17. A luminaire (1) according to claim 1, ferther heing provided with one or more 
openings formed in apart of the luminaire (1) being positioned substantiaUy opposite the exit 
window (4). 



18. A luminaire (1) according to claim 17, wherein the opening(s) has/have an 
elongated shape and is/are arranged with the longitudinal dimension in a transveiBal direction 

10 of the luminaire (1). 

19. A luminaire (1) according to claim 1, wherem the at least two lamps (2, 3, 9, 
10, 11) are arranged substantially in a plane. 

15 20. A luminaire (1) according to claim 19, wherein the plane is arranged 

substantially paraUel to a plane defined by the exit window (4). 

21. A luminaire (1) according to claim 19, wherein the plane is arranged 
substantiaUy perpendicular to a plane defined by the exit window (4). 

20 

22. A luminaire (1) according to claim 1, wherein at least one of the lamps (2, 3, 
9, 10, 1 1) is a fluorescent lamp. 

23. A luminaire (1) according to claim 1. wherein the color of tihe light emitted 
25 fiom the luminaire (1) via the exit window (4) is adjustable by means of adjusting the 

brightness of the individual laii5>s (2, 3, 9, 10, 1 1). 

24. A luminaire (1) according to claim 1, wherein the maximum combined light 
flux origmating fi-om aU lamps having first color properties is di^ent from the maxunum 

30 combined light flux originating &om all lamps having second color properties. 

25. An array of lummaires, wherein at least one of the luminaires in the array is a 
luminaire according to claim 1. 
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ABSTRACT: 



A luminaire (1) suitable for color mixing of Ught originating from lamps (2, 3, 
9, 10, 1 1) having different color properties. Has reflectors (5, 6, 12) configured to provide an 
equal ratio of partial iUuminance for each of the color properties at each position of a 
translucent element, e.g. a dififlisor (7). This provides a very unifonn color mixing as well as 
Ihe possibiUty of adjusting the color properties of the lununaire (1) merely by adjusting the 
brightness of one or more of the lamps (2, 3, 9, 10, 1 1). The reflectors may include top 
reflectors (5), side reflectors (12) and/or shielding reflectors (6) positioned between the lamps 
(2, 3, 9, 10, 1 1) and the exit window (4). The shielding reflectors (6) may be configured to 
partly reflect and parlly transmit light 

Furthermore, an array of luminaires having these properties. 
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